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Scattering Experiments at the lpswich
Electromagnetic Measurements Facility:
Calibration With Perfectly Conducting Spheres

1. INTRODUCTION

The Rome Air Development Center maintains a level of technical leadership
that will provide superior L’31 capabilities for the U.S. Air Force. A number of
internal centers nf expertise were established, in selected areas, to strengthen
RADC's technologv base, One of these areas is that of scattering from terrain and
rargets,

A scattering effort had been maintained at the Ipswich, Massachusetts Electro-
magnetic Measurements lacility since about 1950, when scientists from the Cambridge
Research Station, under Dr. Roy Spencer, began radar cross sections (RCS) mea-
surements nn metallic- canonical shapes. This program progressed to measure -
ments on birds for the DEW line radar and ultimately encompassed scale model
measurements on the Mercury Space capsule and Atlas and Titan missiles. With
‘he retirement and reassignment of kev personnel the scattering effort was steadily
de -emphasized until, in 1279, the outdoor ground plane was dismantled and the
measurement svstem was disassembled,

At this time a new building was approved for the Ipswich site, under the Military

Construction Program. A scattering chamber was specified and designed into the

(Received for publication 15 August 1983}
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final builaing nlans, ! Phe burtchine was staenca in 1979 an 1 crres by e w0 s
in mid-1981, By October 1081 the absorber was installea i the oo e o
struction »f an N -ban.i manostatic measuren.ent svsten bhegun,

RADC ERC is engaged in g bisiatic RUS measurements prograr Cneotips==iny
metallic and non-metallic tavgets, Initially, simple canonical shapes n.aae o! ab
sorbing material witl be measured, The results of the measurements on canonicul
shapes .re expected to benelit the Cruise Missile Surveillance Program directiv,
since these targets can be closelv simulated with a combination of canonical shapes,

The present work describes the new scattering chamber at Ipswich, The
chamber was evaluated at 10, 35, 28 and 140 GHz and the frequency stabilitv ol the
measuring cquipment was evaluated as to its possible effect on nieasurernzent accu-
racv, A monostatic svstem for measuring radar cross sections at N-band, using
the CW cancellation method, is described, Results of measurements on a series
»f metal spheres are compared to theoretical values computed using an exact solution
of the Mie summation, 2

The radar ¢ross section ¢ is a measure of the scatiering properties of a bodv

and is defined as

N 5
g - lim 47R”7 Hg'lli.' (1)
R=*x )
o1
> 5
o) lim 4R B 'K, 7 (2)
R~or s 07

where R is the distance {rom the observation point to the body, ’HiJ and {H_| are
the magnitudes of the incident and scattered magnetic fields, and ’Eif and ‘}:‘33 are
the magnitudes of the incident and scattered electric fields. 3 The cross section 0
as defined in Eqgs. (1) and 12) has units of length squared but is often normalized to
either the projected area of the bodv or to wavelength squared. Radar cross sec-
tions are also commonly expressed in decibels relative to a square meter,
u[dBsm] = 10 loglowo), where % is in square meters.

In this report radar cross sections are normalized to the projected area

(A = r.az, where a = radius of sphere) unless otherwise noted. A convenient parameter

—

Mack, R.B. (1981) Basic Design Principles of Electromagnetic Scattering
Measurement Facilities, RADC-TR-81-40, AD A103943.

2. Hancock, J.H., and Livingston, P.M. (1974) Program For Calculating Mie
Scatteriné For Spheres, Using Kerker's Formulation, Over a Specified
article dize Distribution, NRL Report 7808.

w

. Methods of Radar Cross Section Analysis (1968) Crispin, J., and Siegel, K.,

Eds., Academic Press, New York, p 9.




against which to plot ROS 1s ka, where K= 20 2, the propagation constant far tie
frequency of operation.  The quantity ka is o measure of the number of wauvelengths

in the circumference of a particulur sphere.

2. DESCRIPTION OF FACILITIES

The Electromagnetic Measurements Facility 1s located on 60 ucres ut Grest
Neck in Ipswich, Massachusetts. The RCOS meuasurements chamber 1s located in
the main building, a 6270 square foot structure, completed 1n 1981,  The main

building and the measurements chamber are shown in IFigures 1 and 2.

Figure 1. The Ipswich Electromagnetic Measurement Facility
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bagure 2, The Radar Cross Section Measurement Chamber at the
Ipswich Blectromagnetic Measurement Facility

he chamber 1s 38 ft long, 18 ft wade, and 20 ft high, Pyramidal absorber on
the walls, floor, .nd ceiling reduces the usable dimensions to 34 ft x 14 ft < 16 ft,
respectively.  (ne end of the chamber is a wooden partition constructed of 2-in. >~ 6 in,
studs and 3/4 in. plvwood. This partition contains nine ports, with removable plugs,
that allow various antenna. target configurations to be installed. Access to the
chamber is through one of two sets of double doors located along the side wall of
the chamber. These doors are also covered with absorber.

The absorber used in the chamber is AAP-24, a 24-in. thick pyramidal absorber,
except for a section on the wall opposite the antenna ports. This section is 100 ft
square and is covered with AAP-36, a 36-in. absorber., The magnitude of the re-
flection coefficient for these absorbers is specified by the manufacturer to be -40 dB
at normal incidence. 4

A series of measurements were made on the chamber walls at 35, 98, and

140 GHz. These measurements were made using a scatterometer constructed by

4. Product inform~tion Guide (1979 Advanced Absorber Products, Amesbury, MA.
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RADC LB for tae i oo project i olving measurements of pmalhineter wu e poropn -
Cation sver snow. T\ Gunn oscillator ot 3501 GHz, and ks stron oscillators a
e b and 14000 GHe provide R powers A simegle superheterodvne recercer, which
ses s Guntt dlede aa tae tacal oscillictor, s used toe ol three frequencies, The

ai=etted sens ! - rodalated by oo b kHZ squaresaves . The modulation is detected
i the recenor and Ted to the Y oaxas of an NY recorders Phe entire scatterameter
corshe cotated, by o= of an clectrie motor, about sovertical axis. The rotation
1= ~enscd by potentionmeter and the resulting voltage is applicd to the N onxis of
trie roecerae s,

e seatieror cter 2 as plaoced i the center of the chamber, after remova! of

Dot of the floor chsorber, with the antennas cormed horizontadly Gt one of the ong
carded o adlse N i netal plate was placed ot the widl, ot the same herpnt os the
tronsnttng nd receiving antennas. bPlpure S shows this arrangen.ent, The se-
tien ~renal Tevel frons the plate was detimed o be 0 dB and the pen of the NY recorders
positioned gt the top of the chart paper. The paper was calibrated by switehing in
nere catng values of Gitenuation with o coaxial step attencator. Fhe step sizes aove

qot anform due to oa non=lines e AGC ampliticr in the receiver.,
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at Millimeter Wavelengths, RADC-TR-89-54, AD A08VI4L,
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E. To measure ubsorber reflectivity at o given frequency, the scatterometer was

. set up as described above and the recorder paper calibrated.  The scatterometer
was rotated clockwise unti! the antennas pointed off the calibration plate and at the

. absorber-covered wall, The =cutterometer was then rotated counterclockwise

approxtmately 2700, moving the antenna beams in turn across the calibration plate,

dong the long wall vpast one set of double doors), across the back wall (traversing

the 36-in, absorber), and long the other tong wall, passing through the point

R directhyv opposite the calibration plute,

Since the catitbration plite was placed at the wall, and the scatterometer was
in the center of the chamber, this procedure allowed divect comparison of the
calibration plate to ab=sorber-covered wall at the same distance, without having to
move the plate. Measurements were taken with the doors open and closed. The
above described procedure provided o measurement of the 36-in. absorber at
normul incidence, olthough i different vange than the 24-in, absorber. Addi-

. tonal attenuation was inserted white the scatterometer was pointed in the vicinity
aof the metal plate, to allow the peak of the return signal to be plotted, and was
i removed as the antenna beams moved away from the plate. Figures 4 through 6
show the results of these measurements at the three frequencies. It can be seen
from these plots that the backscatter from the absorber is at least 40 dB below the
. incident encergy level at these three frequencies, as claimed by the manufacturer,
; This was true for normal incidence as well as grazing angles up to 68° from normal.
' The slightly higher ceturn at 98 GHz is believed due to a resonance effect caused by
. ‘ the paint used to cout the absorber. The energy levels returned from the absorber
are low enough in any case that they will not prohibit RCS measurements at these
frequencies.

A monostatic scattering measurement svstem was designed and built, and is
shown in block diagram form in Figure 7. The system uses the CW cancellation
method, and consists of a4 signal source whose output is fed through a bandpass
filter and an isolator, a nulling network, an antenna and a receiver, The trans-
mitter is a Scientific-Atlanta 21508 signal source. This unit has a digitally
operated control hox which commands a frequency synthesizer. The manufacturer's
literature specifies a frequency accuracy of one part in 106. and a frequency stability
of one part in 10" per 24 hours. The synthesized RF output power is +9 dBm at
X-band. When a higher signal level is required an HP495A TWT amplifier is used.

‘ A Scientific-Atlunta 1770 receiver is used, along with an 1833A dual ratiometer
and an 1823 phase displav, both also from Scientific-Atlanta. This receiver has

two channels, an automatic phase control (APC) channel and a signal channel.

12




The APC channel is used to phase lock the receiver local oscillutor to the trans-
mitter. The signal channel is actually two chunnels, designated A and B, Lach
can be monitorad by the ratiometer, which displavs signal levels in dB. Manual
switches allow one to monitor channels A and B simultineously, or channel B
and the ratio A/B. When the latter mode is used the signals A and B are fed

to an external switch which is operated svnchronously with an identical switch in

the receiver. This multiplexing arrangement allows two signals to be applied to

the signal channel of the receiver.

20 — -
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Figure 4. Plot of Return From Chamber Walls vs Azimuth Angle Compared
to a Flat Metal Plate, I'requency = 35 GHz
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Figure 7. Block Diagram of the X Band Monostatic RC'S Measurement
System

The RCS measurement syvstem operates as follows, The transmit signal is
passed through a directional coupler, after the above mentioned filter and isolator.
The major portion of the signal is fed into a hybrid (Magic Tee) where part is
directed to the nulling network and part to the antenna, where it is radiated. The
coupled portion of the transmit signal (~20 dB) is passed through a variable attenuator,
mixed, and fed to the APC channei of the receiver. A portion of this APC signal
is coupled off (-10 dB) at the R} level, making it -30 dB with respect to the trans-
mitted signal. This signal is then passed through a variable attenuator and fed to
the reference port (channel B) of the external synchronous switch. The received
signal passes through the antenna to the hybrid, where a portion of it is directed to
the matching network and a portion is fed through an isolator to the signal port
(channel A) of the synchronous switch. The ratio A/B is proportional to the radar
cross section of the target and can be displayed on the ratiometer by means of the
synchronous switching arrangement, By properly calibrating the system, radar
cross sections can be read directly off the ratiometer in dBsm.

Before making measurements, the system must be nulled to reduce, insofar
as possible, reflections from objects other than the desired target. The nulling
process consists of adjusting the matching network, which comprises a phase shifter
and two attenuators, while transmitting into an empty':' chamber. This adjustment,
an iterative process, introduces a signal into the hybrid that has the proper phase
and amplitude to cancel both the stray reflections due to imperfections in the hybrid

*
An empty chamber is considered to be the room plus target mount and necessary
absorber, but not the target.

15
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and any signal reflected from the empty chamber. The signal level in channel A
is then @ minimum. When a target is placed in the chamber the received signal
can be presumed to be due to the target and not the chamber. This presumption
is valid only if the presence of the target does not introduce reflections, from parts
of the chamber or mount, strong enough to unbalance the system. This point should
be considered whenever a target is to be measured. In actual practice the nulling
signal and the transmitter signal drift with time in phase and amplitude. A very
small change in either signal is sufficient to cause the system to become unbalanced,
These changes can be caused by thermaul gradients across the equipment or the
chamber, movement of the chamber walls due to wind, or interaction between strayv
leakage signals from the equipnient and people present in the ¢quipment rooms.
These effects can be minimized by careful shielding, insulating, and shock mounting,
but cannot be completely eliminated,

Measuring a calibration target of known radar cross section, such as a sphere,
in close time proximity to the measurement of each unknown target, however,
allows the errors due to the effects of signal drift to be minimized. The radar

cross section 0 of a test target is found by means of the relationship
0= M+ (C-T, (3

where M\l is the measured radar cross section of the target in question, C is the
measured RCS of the calibration target, and T is the theoretical RCS of the calibra-
tion target. The terms in this equation are in units of decibels relative to a square
meter (dBsm). Since the ratiometer can display the RCS of a target in dB, the
calibration process shown in parenthesis in kEq. (3) can be done by nulling the system,
placing the calibration target in the chamber, and adjusting the gain of the ratiometer
until the A/B is equal to the theoretical RCS. As long as the system remains nulled
the reading on this ratiometer is the RCS of the target being measured, in dBsm.

The calibration target need not be measured after every test target, but must
be measured often enough to ensure that the system null has not drifted. For the
present set of measurements the calibration target was measured and the empty
chamber null was checked after every test target. The system was renulled when-
ever necessary.

The chamber was evaluated at 10 GHz using a method reported by Buckley.6
This method involves comparing the return from the empty chamber to that from a
known target. A signal is transmitted into the empty chamber and the system is
nulled. The output from the hybrid is then very close to zero. The nulling signal

6. Buckley, E.F. (1968 Outline of evaluation procedures for microwave Anechoic
Chamber, Microwave Journal.
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consists of two components,  One component cancels the error due to svstem im -
perfections and the other component cancels the reflections from the chamber,
This latter component is the sne we desive to measure. By moving the antenna a
small amount we can change the phase of the chamber reflection by 180°, while
leaving the nulling signal unaltered., The signal at the output o the hvbrid is now
equal to twice the magnitude of the return from the emptv chamber.

When a targer of known RCS is placed on the chamber, a signal of known ampli-
tude is added to the existing signal in the hybrid. Rotating this target (usuallv a
sphere) slightlv off -center on the positioner rotates the phase of this second signal
“hrough 180 , thus causing the output of the hvbrid to cycle from u minimum value
of S=2¢7, to a muaximum vilue of S+2¢, where S is the theoretical RCS of the sphere
and C is the tunknown) RCS of the chamber.

The recorded signal excursion at the receiver output cun then be equated to the

ratio of the above values,
Vo= (S-20) /(84 20), (4)

and a value for the RCS of the chamber can be calculated. An alternative value can
be calculuted, based on the possibility that the spherc return might be smaller than

twice the chamber return. In this case
Vo= (209 12C+8) . (5)

Repeuting the meuasurement for a different size sphere will vield two additional
values for the chamber RCS. Two of these values will be nearly equal and two will
be widely divergent. The two nearly equal values will be close to the RCS of the
chamber. The two can be uveraged with additional values to obtain a value for the
RCS of the chamber,

Following this procedure, using a 2,625- and an 8. 000-in. diameter sphere
a chamber RCS of -32.9 dBsm was determined. Dividing this value by ten and
taking the inverse logarithm gives the RCS in square meters. Performing this
operation yields 0. 0005 n12 for the radar cross section of the chamber.

An experiment was performed to determine whether the signal source stability
would be a limiting factor in the accuracy of the RCS measurements. The system
was nulled and the output of the signal channel of the receiver was applied to the pen
input of an antenna pattern recorder. The signal source was then allowed to sweep
a known amount above and below the center (nulled) frequency, fo. At the same time
the chart recorder was allowed to run on its internal time base so that the paper

advanced as the frequency was swept out of and back into the null. Allowing the
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source to sweep through two successive nulls enabled calibruation of the chart paper
in Hertz division since the extremes of the frequency excursion were known., The
portion of the curve depicting the bottom of the null was then redrawn on an expanded
scale, as a function of null depth in dB vs frequency deviation about fo' The manu-~
faucturer's specification for signal source stability was then superimposed on this
curve. This is shown in Figure 8. The published specification for frequency
stability of one purt in 10T translates to a maximum frequency deviation of 1 kiiz

at a center frequency of 10 GHz. From this, and inspection of lFigure 8, it can be
concluded that the stability of the signal source will have no effect on the accuracy

of the measurement.

MAXIMUM At DUE
TO SIGNAL SOURCE
INSTABILITY. 1 kHz
f-— ——

SIGNAL LEVEL RELATIVE TO BOTTOM OF NULL {dB)

n " " n . 4 1

32 24 e @ o 8 6 24 32 40

FREQUENCY DEVIATION [kHz2)

F'igure 8. Plot Showing the Signal Source Frequency
Stability Specification Superimposed on the System
Null. Frequency = 10 GHz

Five small metal spheres, covering a ka range from 0. 282 to 0.581, were
measured to determine the lower limit of system sensitivity. Four RCS measure-
ments were made on each sphere and the results are shown in Table 1. The aver-
ages of the four sets of measurements are also tabulated, along with the theoretical
RCS for each sphere. The average RCS values for each sphere are plotted in Fig-
ure 9 along with a curve showing theoretical RCS for the ka range in question.

18
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Table 1. Results of Four Sets of RCUS Measurements on Five Small
Metal Spheres, and the Average of the Four lMeasurements for Each

Sphere
e
Diameter Measured RUS (dBsm)
(inches) ka Trial 1 Trial 2 Trial 3 Trial 4 Averuge
. 0. 106 0. 282 -57.4 =36, 7 -37. 4 -538.0 -37.5
. 0.124 0. 330 -58.6 -56. 6 =56, 4 -56. 4 -37.0
0. 151 0.402 -33.6 =51, 7 =531, 0 =31.5 -52,2
0.212 0. 565 -40, 4 -4, 0 -4, -0, -39, 3
0. 218 0.581 -46.5 46,5 -45.4 -45. 4 -46.0
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Figure 9. Average \alues of RUS Measurements on Small
Spheres, for System Sensitivity Tests., Theory .
Measured o

The measurements were made at a distance of 12 ft, and a power level of +24 dBm
at the input to the antenna. The antenna was a rectangular horn, with a 4-in. by
6-in. aperture. This antenna has a calculated gain of 19.6 dB, with an effective
aperture of 6.5 X 10.3 m2. Using the radar range equation, and a figure of 81 per-
cent for the efficiency of the hornantenna, Wwe can calculate the power densities at

8. Silver, S., op cit, pp. 182-187,




the target position and, for a given target 0, the power present at the receiver
input. The receiver has a specified sensitivity of -80 dBm. Based on this sen-
sitivity, and the above mentioned antenna parameter, the svstem should be capable
of detecting targets having radar cross sections ns low as -52.4 dBsm at a distance
of 12 feet.

Table 2 contains the pertinent results for these sphere measurements. The
sphere diameters, projected areas, and ka values ure tabulated, along with the
measured and theoretical received powers for each. kxamination of this table, in
conjunction with Figure 9, allows us to draw a conclusion about the syvstem sensi-
tivitv, We see that measurements on spheres as small as 0. 218 in. in diameter
(ka = 0.581) are possible with this system., The measurements on smaller ka
value spheres are unreliable and inaccurate and, in addition, the received power
is leveling off near -80 dBm, indicating that the measurement s\stem sensitivity
is limited by noise rather than by background reflections.

Table 2 shows that the RCS measurements become unretiable near -50 dRBsm.
This is close to the lowest RCS theoretically measurable (-52. 4 dBsm) with the
system. The discrepancy can be accounted for by small losses in the waveguide
circuitry which were not measured or accounted for in the loss budget. Since the
system iS noise iimited rather than background limited, radar cross sections even

lower than -46, 5 dB3sm can be measured by increasing transmitter power.

3. CALCULATIONS AND MEASUREMENTS

A series of 24 metal spheres was measured at a frequency of 10 GHz, The
spheres ranged from 0. 218 to 8. 000 in. in diameter, corresponding to a ka range
of 0.58 to 21.28. The backscatter cross sections were measured, and compared
with theoretical values obtained from a computer program which solves the Mie
summation.

The computer program used was written by Hancock and l.ivingston of the
Naval Research l.abomtm-_v2 for computing scattering from aerosols, The program
was designed to calculate bistatic scattering from spheres having a complex refrac-
tive index and had to be modified to handle metal spheres. Several programs were
available for the theoretical part of this task, however, the number and extent of
convergence checks in the NRIL. program made it the most suitable by far of those
considered. In additinn, planned work on dielectric spheres will require the use
of the program in its original form so the task of modifying it and adapting it to the
RADC computer was doubly justified. The program was also modified to handle an
extended range of ka values.

20

g i CACT O O AR e




Lrea- G Cn- “ GrLe- o1 < tace b ty- HY e 78¢ 70 901 0
actn- ¢y - . 0°L¢- or -~ &1y 6 0Y- ol L 0£4 "0 tel o
0yt Foea- ¢ ae- ol - £9°2 gree- 4l 1 0% ’0 16170
cee - 0°04- WIS AY JO T ] jBOTI3I03Y ]
wrg- FH B £6t- ot SV AN ¢ 7 €9¢°0 c1z°0
grat- [fr- 0°9%- 01 - ¥ér2 Crat- [ I8¢ o 81z °0
[ERRATEIRYEN RREIB VN _u sy p Ll asgp 1 ey (sayaul)
« c . J93awel(]
CULDY Do Ta0d dJ9NO] SO poaanseoy SO (Hoanadoaty ), )

RN S IR PN |

1w pur polaadxo oy,

usoys

SSadaydg (RIS GAT [ 0 UOTIDOG S800 ) dRPTY PAILS Ay PUR [ROT110aY T,

OSe 2an s[aaa] Jomod

‘¢ 319e]L

21




el L I ik fionedC . -

e

After the propran was made 1o run on the RADC computer, represent ste
test cases vere run for netal spheres and checked sgrainst published e snits,
\arlous Ko valies were selected and the bistatic radar cross sections svere caleu-
lated, from @ to 180 0 Comparrson of these HOs vadues with those i tine Tite et
showed excellent Ggreement i most cases. Where o diserepanes was tonnd, furthe s
ivestipgation and cross referencing to other sources imoortably showed that tie conn-
puter program was correct, The errors were found to be duc to such thing= o=
islabelled praphs, taalty registeation in reprodacing carves, aad inacdvertent nse
by one torker o previons worker S amcorreet results, N high degree of contidence
1= ploced m the resalts from this progean, which hoos been used to Cabetlite scutter-
ing fror spheres o3 small us o - 0001 and s Tirge as na 170,00,

Mhe mcasurements on the metal spheres were noade with the syvstem desceribed
In ~ection 2 Ihe spheres were mounted on o storatosn coluinm whreh was placed
on top of an sntenna positioner,  Although the retlections fron: the positioner and
sty rofonn, could be tuned out 1n the empty choanber the addition of w target intro-
duced stran reflections. The strength of these reflections inereased as the size of
the terget mereased, To elimmate these offects the positioner wus shielded by a
waooden enclosure covered with absorber, N prece of flat, mnvd-‘ absorbher was
plaved between the stvrofoam column and the metal ~artce ol tiie positioner turn-
tubie, s this was found to be o strong source of reflections, e tirget mounting
arrangenment is shown in Figure 10, With tus arringen.ent the recever port of the
nvbrid could be 1solated from the transmit port by 110 db. as asolation nalh
would Lust 10 nun or more.  Oceasionally nulls of 120 dB were obtained but thes

were shortlived,  Most measurements were made with 110 dB nualls,

TAPERED STYROFOAM

: COLUMN
“
|, ANTENNA
- PYRAMIDAL
> _.-" ABSORBER
) TUNED ) Al e \,
ABSORBER - WOODEN'

r/ \\1
N\

POSITIONER

Figure 10. Target Mounting Arrangement for X Band
RCS Measurements, showing Positioner Shielding
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Ve necsured Res values for the spheres e histed i Peble 500 The Cdues
e ranned an o tav s, One plots RO, norralised to projected cren, s Keoand
o= oind plots e S Sguare centieters w8 ke, Mhiese gephs sre shownan
Focure~ 1Y ana 12,
Iable 40 Measured Hodar Cross sections for
Faoenty =Tote Metal Spheres in dB=sm oand Square
Nicters
Sphere oS
Digmeter Kit dBsm m"
n, 2 0,581 -46.4 2,00 0 4077
0. 500 1540 -35.5 2. 82 - 1077 ’
0, 656 1,745 -42.0 6.31 - 107"
: 0,613 2,161 -32.6 5.50 - 1077
) 2,525 =30, 0 813 - 10}
. REIRTC 2. 40 -31.3 o4t o107 i
1. 000 2,662 =32, 13 5.00 - 1073 !
1,125 2,003 -33.8 117 - 1077
' 1,250 5320 —20, 4 1.o2 - 107°
' I, 475 5,650 -28.2 151 - 1073
1.500 3,002 -30. 4 o, 12+ 1074
! 1. 680 4.4 -28.0 .58 - 107"
1,750 1,650 -2i.0 2,00+ 107"
’ 1,875 1,000 =26, 2,14 - 1070
1. 038 5.738 -27.5 .78 - 1073
2. 000 5. 324 -26.0 .58~ 1077
2,125 5.656 -26. 1 2.45 - 107"
2. 375 6. 321 -25.5 2,82 1077
2,500 6. 654 25,7 2.60 - 1077
3. 000 7,085 23,8 417 » 1073
4. 000 10, 647 -20.0 1,00 x 107°
. 5. 000 13. 308 -18.6 1.38 ~ 1072
6. 000 15. 970 -17.4 183 - 107°
! 8. 000 21. 203 -14.8 3.33 % 1072
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4. DISCUSSION

The accuracy of sphere measurements is easy to ascertain because an exact
solution exists,

n'az
]
|

a

NORMALIZED RADAR CROSS SECTION
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Figure 11, NMeasured ROS Values of Metal spheres
Compared to Theory, Normulized ROS vs ka.
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Figure 12. Measured RCS Values of Metal Spheres
Compared to Theory, ¢m2 vs ka. Theory
measured o

In this case the theoretical RCS values were provided by a com-
puter program written to calculate the scattering from dielectric spheres and
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modified to hundle mietal spheres. The largest discerepaney was for the sphere of
divmeter 00218 in. (0,356 cmy, corresponding to o ke of 0,558, The measured vidue
diftered from theory by 0.6 dB. Measurements on this sphere were always in
error by about this sume smount no matter how much core was taken to msuce o
deep null was present. This sitation 13 duce o the stnall RS =463 dBsmy of this
sphere, which puts it near the lower Hnit of syvsten: sensitivity, o8 wus shown in
Section 2,

The remuinmng spheres vould be micasured wath errors of less than 006 dB.

A number of measurements were made on cach spacre. The satues included i
this report are representative of the degree o securney obtained,

These monostatic results on metal ~pheres serue only as o benchnuark for the
N-band nieasurements progrear:, The real effortan this progeaes will be placed on
mvestigating scattermy fron dielectre shapes. Monostate mneasurenents have
been miade on dielectric spheres ond e the subject of & tuture report, In addition,
« serles of metal cubes has been measured 1t snticipetion of future measurenents
of dielectric cubes. A\ bistatic svsten: hos been butlt ond preliniino ey nicasure-
ments using it are underwis .

This report has desceribed the ROS micasurernents Daoility ot fpswich, Massi-
chusetts.  An X-band moaos=tatic svstem, which ases~ e CW o ca cellation metho i
of measurement wias designed and built., The systen nos o sensitivity of -346.5 dBsn,

Monostatic measurements on a series of mctid spherves were described. Measure-

ment errors were shown to be less thun 0.6 dB, over the range 0036 7 ka0 21, 24,
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MISSION
of

Rome Avr Development Center

RADC plans and executes reseanch, development, test and
selected acquisition programs in support of Command, Control
Communications and Intelligence (C31) activities. Technical
and engineering suppornt within areas of technical competence
{8 provdded to ESD Program Offices (P0s] and othen ESD
elements. The paincipal technical mission areas are
commundications, electromagnetic gudidance and control, sur-
velllance of ground and aerospace objects, intelligence data
collection and handling, {nfoamation system technology,
Lonospheric propagation, solid state sciences, microuwave
physics and electronic neliability, maintainability and
compatibility.
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